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INTRODUCTION
Until recently, ecologists assumed that populations in tropical environments would exhibit low-amplitude fluctuations in population density and that controls on population density would result largely from densitydependent interactions with other species. These assumptions followed from two observations: high species diversity of tropical environments and an apparently constant physical environment. High species diversity was associated with population stability (Hutchinson 1959 , Odum 1971 ). The absence of catastrophic reductions in population density due to seasonal temperature fluctuations was associated with K-selected species whose populations would exhibit low-amplitude changes in density (Dobzhansky 1950, MacArthur and Wilson 1967) .
Subsequent research has shown both assumptions to be incorrect. There is no necessary correlation between species diversity and community stability (May 1973 , Goodman 1975 , Connell 1978 . Moreover, proponents of climatic stability were misled by the relative con- Long-term studies provide critical sources of information on the stability of populations and communities. Assessment of stability requires observations that span at least the length of one generation (Connell and Sousa 1983) . At present, the majority of data available to evaluate population stability represent the minimum time span-one generation (Connell and Sousa 1983, Schoener 1985) . These data provide valuable information, especially for cross-taxon and cross-ecosystem comparisons. However, studies that are truly long term, i.e., observations over many generations, provide information that cannot be obtained from observations of one generation or less. First, short-term observations underestimate population variability through time (Connell and 
Study area
Observations were conducted at BCI and surrounding areas in central Panama (Fig. 1) . Vegetation is semideciduous lowland rainforest (Foster and Brokaw 1982 (Windsor 1990 ).
Consistency
The great majority of censuses were conducted by me and A. S. Rand, by me and an assistant, or by Rand and an assistant. Participation of myself and Rand throughout this study and training of assistants by Andrews ensured that methods were consistent from one year to the next.
Observations from 1971 through 1982: Lutz site
The Lutz site is located in the N-0, W-1 quadrat of Lutz watershed on BCI (Thorington et al. 1982 ). The sitewas890m2from 1971 through 1981 and 1450m2 in 1982 when it was increased in size to compensate for low lizard density. The canopy is closed and the understory vegetation is sparse enough to walk through easily in most places (see Andrews and Rand [1982] for a site description).
During censuses the site was searched systematically for lizards by scanning all vegetation up to about 2.5 m. Anolis limifrons individuals typically perch on smallto medium-sized stems < 2 m from the ground. Lizards were captured, weighed to the nearest 0.01 g on a Mettler balance, measured (SVL in millimetres, accuracy: ? 1 mm), toe-clipped for future identification, and released at the point of capture. The total population density and the density of adult males (> 35 mm SVL) Areas censused were 1600 m2 or 960 m2 (for congruence with 900-M2 areas established by S. J. Wright). To facilitate censusing, each area was divided into four transects 8 x 50 (or 30) m, and all boundaries were marked with flagging. The original boundary of AVA was maintained and Lutz had been increased to 1450 m2 in 1982 so that these sites differed somewhat in size from the others.
The criterion for site selection was that vegetation structure was similar to that at Lutz and AVA: a closed canopy and a relatively homogeneous shrub layer. Structural similarity among sites was evaluated in 1983. Foliage density was measured with a "cover board." The cover board consisted of two metre sticks, each fastened at one end to a stake and oriented horizontally at 0.5 and 1.0 m above the ground. The metre sticks were painted with ten evenly spaced 2 x 2 cm pink squares, 8.9 cm apart, on a black background. The number of pink squares visible at 6 and 12 m from the cover board was counted twice in each of the four transects per site, once in each direction from the center along the length of the transect. A maximum of 20 pink squares could be seen at any observation point; a lower number of squares indicated the extent to which foliage obscured visibility. In addition, a long needle was driven into the ground and the number of skewered leaves was counted at 3, 6, 12, and 16 m from the center of each transect in each direction as a measure of litter depth. Determination of population density at the end of the wet season at a large number of sites meant that the amount of time available to work at each site had to be limited. Therefore relative population density was determined instead of total density. When I changed the procedure for estimating population density in 1983 I felt that the information gained by increasing the spatial scale of the study would more than compensate for the potential loss of continuity of the capture-recapture studies at the Lutz site.
Censuses to determine relative density were conducted between 0830 and 1430. I also determined if vegetation density or the time spent searching per unit area was related to the number of lizards observed per unit area (1983 data). Sites with high vegetation density tended to take longer to search than sites with low vegetation density as indicated by cover board measurements at 6 m (P < . 10, linear regression, df = 19). However, neither vegetation density at 6 or 12 m nor search time was related to the number of lizards observed (P > .05, stepwise multiple regression). Thus, comparisons among sites are not confounded by either the time spent searching or vegetation density.
Year-to-year repeatability of census procedures was evaluated by comparisons of the person-hours spent searching (times adjusted to 1600 M2, Table 1 ). Differences among years and sites were significant (P < .001, two-factor repeated-measures ANOVA), but the significant interaction between years and sites (P < .001) suggested that year-to-year variation in the time spent searching did not vary systematically among sites. This suggested that IC could be used to assess food intake, fecundity, and individual growth for A. limifrons populations. Therefore, the relationship between IC (dependent variable) and oogenesis (class variable) was evaluated using fecal output as a covariate. Because of significant site and seasonal differences in IC ) and significant interactions between season and other variables, separate analyses were conducted for the two sites and for the dry (January-April) and the wet (May-December) seasons. Analyses involved only females 35 mm or more in SVL. IC, fecal output, and fecundity were used in these analyses because they were recorded at each capture for all female lizards. Growth data were excluded because they required two captures and thus involved a relatively small subset of the data. The analysis was repeated with IC corrected for fecal mass [IC = (Mass0 33 -Fecal Mass)/SVL]. There were no differences between the results of the two analyses.
During the dry season at Lutz, IC was significantly greater for oogenic than non-oogenic females (P < .01) and there was a positive regression between IC and fecal output (P < .01). During the dry season at AVA, oogenic females tended to have higher values of IC than non-oogenic females (P < .10), but there was no association between IC and fecal output (P > .05). During the wet season at both Lutz and AVA, oogenesis was not related to IC but there was a positive regression between IC and fecal output (P < .05). There was no interaction between oogenesis and fecal output at Lutz or AVA sites in either season (P > .05).
These intrasite comparisons indicate, as did the ini- rainfall in December and April and to total annual rainfall.
In addition, stepwise multiple regression was used to evaluate the relationship between total population density [log,0N(t)] at Lutz from 1971 to 1989 and rainfall. To account for correlation between population density at one time and some previous time, log,0N(t -1) was used as an independent variable. Other independent variables were the sum of rainfall during December and April prior to censuses, total rainfall during the year of the census, and rainfall in the early (May-July) and late wet season (August-November). Rainfall amounts during the early wet and late wet seasons were used as independent variables because they indicate conditions during specific portions of the wet season.
Observations for 1981 were excluded from analyses because rainfall was considered an extreme outlier. Annual rainfall from 1971 through 1989 averaged 2502 mm while annual rainfall in 1981 was 4571 mm-3.5 SD units from the mean.
Statistical analyses
All parametric analyses were conducted using SAS procedures (SAS Institute 1982). Non-parametric analyses follow Siegel (1956) .
RESULTS

Population fluctuations and synchrony
Population density at the Lutz site varied considerably from 1971 through 1989 (Fig. 3) . The population exhibited peak levels in 1971, 1976, and 1978 and then declined to very low levels through 1985. Total population density for 1983 through 1989 was estimated from relative density. During 3 yr, 1983, 1984, and 1985, estimates of total density are extrapolations beyond the range of observations (Fig. 2) . Thus, these estimates should be considered as approximations. It is quite clear, however, from the small numbers of individuals (0 or 1) seen during nine censuses that the population at Lutz was at extremely low levels from 1983 through 1985.
Relative population density varied among the 21 sites (P < .001, two-factor repeated-measures ANO-VA), with mean relative densities ranging from 12.7 lizards per person-hour (p-h) at Tigre to 2.0 lizards/ p-h at BCI (Table 1) . Relative density also varied among years (P < .001, two-factor repeated-measures ANO-VA). LSD tests distinguished densities in 1986, densities in 1983 and 1985, and densities in 1984 as different from one another (P < .05). Moreover, densities at Buena Vista, Gigante, Harvard, Hood, Lutz, Miller, and Shannon exhibited significant year-to-year variation in site-by-site analyses (P < .05, two-way ANOVAs).
Relative density did not change concordantly over time at all sites, as indicated by the significant interaction between sites and years (P < .001, two-factor repeated-measures ANOVA). This interaction is the result of synchronous increases in relative density at all BCI sites from 1983 to 1986 (W= 0.87, P < .01, Kendall coefficient of concordance) and apparently independent fluctuations at other sites. The relative population density at Gigante and Buena Vista increased during the 4 yr while relative density at Pena Blanca and Bohio, other peninsular sites near BCI, fluctuated independently of the trend exhibited at BCI (P < .05). Relative population density on other island sites and at Pipeline on the mainland did not fluctuate in concordance with the BCI populations or with each other (P > .05).
Population stability
At the Lutz site SD loglo total population density increased with the number of nested censuses (Fig. 4) . Variability increased gradually and then leveled off after about six censuses. Variability increased sharply when the population crashed in 1983 and then leveled off again after several more years. If SD log1o total density is calculated using the upper 95% CL for estimates of density from 1983 through 1989, the plot has a single plateau. However, this scenario is plausible only if total density was grossly underestimated for 1983 through 1985. The consistently low numbers of individuals captured during 1983-1985 and the standard errors of estimates of density (Fig. 3) indicate that the population crash was quite real, and that SD log10 total population density would have increased substantially as a result.
BCI sites exhibited higher SDS of log10 relative population density than other sites (Fig. 5) the four lowest classes of variability and other populations in the two lowest classes of variability. Both sets of populations exhibited greater stability when SD log10 relative density was based on two rather than on four years, although differences were significant only for BCI populations (P < .05, t tests). BCI populations, which increased during 1983-1986, were more variable than non-BCI populations, which did not exhibit any consistent trend in relative density. Estimation of variability at BCI sites is probably confounded to some degree by sampling error at low densities. However, even at low densities, the number of lizards recorded was highly consistent for repeated censuses (see Lutz data in Materials and methods: Observationsfrom 1983 through 1986). Thus, it is unlikely that sampling error explains differences observed between BCI and non-BCI sites.
Density-dependent interactions
Index of condition (IC). -Total and adult male population densities for 1971 through 1982 were highly correlated (r = 0.95, P < .001, Pearson correlation coefficient). Because adult males are the class most reliably censused, density estimates for this class were used in subsequent analyses relating IC and percentage of animals <44 mm SVL to density. Analyses using the estimate of total population density gave identical patterns but at a slightly lower level of statistical significance.
At the Lutz site IC was negatively related to adult male density (Fig. 6, P < .001, ANCOVA) . The interaction between sex and density was not significant (P > .05); thus, the regression slopes for females and males were homogeneous. However, females had significantly higher values of IC than did adult males (P < .001). This difference is attributed to the mass of gonadal tissue: adult females generally carry one oviductal egg and several yolking follicles (t0. 1 5 g).
The In comparisons among sites IC was also negatively related to relative population density (Fig. 7, P < .01,  ANCOVA) . The regression slopes were homogeneous (P > .05). Thus, females and males responded similarly to relative population density but females had significantly higher values of IC than males (P < .001).
The regression relationships are In addition, mean IC for both females and males was positively correlated with % <44 mm SVL (r = 0.80 and 0.71, respectively, n = 1 1, P < .05, Pearson correlation coefficients). Partial correlations were examined to evaluate the possibility that this relationship could simply be the spurious consequence of negative associations between % < 44 mm SVL and density and between IC and density. For both females and males, partial correlations between IC and % <44 mm SVL were significant (P < .01 and .05, respectively), indicating that the association is independent of population density.
Sites varied considerably in % <44 mm SVL, with values ranging from -80% at Buena Vista and Tigre to z30% at Pena Blanca and Juan Gallegos (P < .01), while variation among years was relatively low (Table  2, Synchrony of changes in population density at BCI sites from 1983 to 1986 suggests these populations are exposed to a common causal factor. Rainfall is a likely candidate as it varies in quantity and seasonal distribution from year-to-year and nearby locations have more similar rainfall patterns than more distant locations. From 1971 through 1980, 50% of the variation in population density at the end of the wet season at the Lutz site was explained by the sum of rainfall during the preceeding December and April (Andrews and Rand 1982) . Rainfall in December and April is highly variable; January through March is almost invariably dry . If little rain falls in December and April the dry season is long, and if much rain falls in these months the dry season is short. Thus, the positive association between rain during December and April and population density suggested that population density was affected by the length of the dry season. This makes sense biologically because egg production is reduced during this period (Andrews et al. 1983) . However, after four more years of censusing, the association between population density and rainfall in December and April was no longer significant. Instead, population density was negatively associated with total annual rainfall (Andrews and Rand 1990). Now, with two independent tests of the association between population density and rainfall and a general model based on 19 yr of data at Lutz, the statistical association between population density and rainfall remains weak, but previously identified patterns persist. 
